The chemical composition of the hydrodistilled leaf essential oil from Pulicaria stephanocarpa Balf. Fil was determined by GC-MS analysis, and its antimicrobial, antioxidant and anticholinesterase (AChE) activities were evaluated. Eighty-three compounds were identified representing 97.2% of the total oil. (E)-Caryophyllene 13.4%, (E)-nerolidol 8.5%, caryophyllene oxide 8.5%, α-cadinol 8.2% spathulenol 6.8% and τ-cadinol 4.7%, were the main components. Antimicrobial activity of the oil, evaluated using the disc diffusion and broth dilution methods, demonstrated the highest susceptibility on Gram-positive bacteria and Candida albicans. The free radical scavenging ability of the oil was assessed by the DPPH assay to show antiradical activity with IC 50 of 330 μg/mL. Moreover, the oil revealed an AChE inhibitory activity of 47% at a concentration of 200 μg/mL using Ellman's method.
It has been estimated that more than 100 plant families occur on the island of Soqotra. More than 800 plant species have been recorded to grow on the Island, of which 308 species are considered to be endemic [1] . The genus Pulicaria is represented in Soqotra by seven endemic species, some of which have been used traditionally as antiseptic and/or as food additives [2] . Little has been reported on the chemistry and biology of essential oils (EOs) from Soqotraen aromatic plants [3] [4] [5] . Pulicaria stephanocarpa is known as ''Derbeb" on Soqotra. It is an aromatic herb and has been used as a folkloric drug for treating headache [6] , abscesses, boils and sores [2] . Extracts of P. stephanocarpa showed antimicrobial activity [7, 8] . A literature survey has revealed that no previous work has been done on the biology of the EO of P. stephanocarpa Balf. Fil (EOPS). As part of our program to evaluate essential oils from Yemeni and Soqotraen flora, this work reports the composition, antimicrobial, antiradical and anticholinesterase activity of the leaf essential oil of P. stephanocarpa from Soqotra. Hydrodistillation of P. stephanocarpa yielded yellow oil in 1.3% (w/w) yield, based on the dry weight of the plant. The identified constituents are presented in Table 1 , where all compounds are listed in order of their elution from the HP-5 column. The oil was characterized by a high percentage of oxygenated sesquiterpenes (56.8%), followed by sesquiterpene hydrocarbons (27.9%), a low level of oxygenated monoterpenes (2.9%) and monoterpene hydrocarbons (1.6%). The main constituents of the oil were (E)-caryophyllene (13.4%), (E)-nerolidol (8.5%), caryophyllene oxide (8.5%), α-cadinol (8.2%), spathulenol (6.8%), and τ-cadinol (4.7%). EOPS composition was reported with α-cadinol, spathulenol, caryophyllene, and τ-cadinene as main components [9] . (E)-Caryophyllene was found in P. dysenterica oil from Greece [10] and in the oil extracted from Saudi P. crispa [11] . α-Cadinol was reported in the oil of P. glutinosa (8.4-10.5%) collected from the United Arab Emirates [12] .
The antimicrobial screening results of EOPS are summarized in Table 2 . The oil exhibits moderate to high antimicrobial activity against all tested bacteria and Candida albicans except for the resistant Pseudomonas aeruginosa. The most sensitive microorganisms are Staphylococcus aureus and Bacillus subtilis with inhibition zones of 24 and 19 mm and MIC (MBC) values of 3.12 (6.25) and 12.5 (25.0) μL/mL respectively.
The antimicrobial property of EOPS might be attributed to its high content of sesquiterpenoids: (E)-caryophyllene, (E)-nerolidol, caryophyllene oxide, and α-cadinol, which constitute the major percentage of the total oil, and show antimicrobial activity [13] [14] [15] , although the synergistic effects of the diversity of major and minor constituents present in EOPS should be taken into consideration to account for their antimicrobial activity. With 400 μg/spot of EOPS, a marked antifungal activity with clear inhibition zone of 16 mm is observed against Cladosporium cucumerinum. This activity may be due to the presence of nerolidol and other components of EOPS [16, 17] .
An assessment of the antiradical activity of EOPS was made using the DPPH (diphenyl picryl hydrazyl) method. [3, 8] . EOPS was able to reduce the stable free radical DPPH to the yellow colored 2,2diphenyl-1-picrylhydrazyl. The antiradical activity of EOPS (IC 50 = 330 µg/mL) is lower than that of ascorbic acid, which was used as the reference compound (IC 50 = 7 µg/mL). It was reported that some EOs rich in nonphenolic compounds show antiradical potential [18] . At a concentration of 200 μg/mL, EOPS inhibits AChE by 47% compared to galantamine, a compound used pharma-cologically, which exhibits an enzyme inhibition of 88% at a concentration of 8 μg/mL [4] . The small oil fraction of monoterpenoids (1,8-cineole, terpinen-4-ol, etc.) might be involved in the anticholinesterase activity [19] .
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In conclusion, our results show that EOPS is active against the Gram-positive bacteria S. aureus and B. subtilis as well as the yeast C. albicans, and that the high content of sesquiterpenoids (84.7%), mainly (E)-caryophyllene, (E)-nerolidol, caryophyllene oxide and α-cadinol, is responsible for the antimicrobial and antioxidant properties of EOPS. In the light of these results, the traditional usage of EOPS by Soqotra inhabitants for its antiseptic activity is fully justified. The anticholinesterase activity has encouraged us to investigate EOPS for pediculicidal activity in the near future. Volatile oil extraction: Dried leaves of P. stephanocarpa were hydrodistilled for 3 h in a Clevenger type apparatus according to European Pharmacopoeia [20] to yield 1.2% on dry weight basis of the oil. The obtained oil was subsequently dried over anhydrous Na 2 SO 4 and kept at 4C until analysis.
GC-MS analysis:
The essential oil of P. stephanocarpa was analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a 5% phenylpolymethylsiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and interface temperature was 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min; increased at 3°C/min to 200°C; increased 2°/min to 220°C. A 1% w/v solution of the sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Identification of the oil components was based on theirretention indices determined by reference to a homologous series of n-alkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [21] , and stored on the MS library [NIST database (G1036A, revision D.01.00) /ChemStation data system (G1701CA, version C.00.01.080]. The percentages of each component are reported as raw percentages based on total ion current without standardization. The essential oil composition of P. stephanocarpa is summarized in Table 1 .
Antimicrobial activity:
The antimicrobial activity of the essential oil under study was evaluated by the agar disc diffusion method and the minimal inhibitory concentration. (MIC) was determined using a broth dilution method as previously described [22] . The microorganisms used were Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 25619, Staphylococcus aureus ATCC 29737, Bacillus subtilis ATCC 6633, and Candida albicans ATCC 2091. Muller Hinton Agar (MHA) (Merck, Darmstadt, Germany) was used for bacterial culture at 37ºC. Sabouraud dextrose agar (Merck, Darmstadt, Germany) was used to culture Candida albicans.
Microplate assay for AChE activity: Acetylthiocholine iodide (ATCI), 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), galantamine, bovine serum albumin (BSA) and acetylcholinesterase (AChE) from horse serum (lyophilized, 500 U/vial solid, 65 U/mg ) were purchased from Sigma (Germany). The following buffers were used: Buffer A: 50 mM Tris-HCl, pH 8, containing 0.1% BSA; Buffer B: 50 mM Tris-HCl, pH 8 containing 0.1 M NaCl, 0.02 M MgCl 2 6H 2 O.
AChE inhibitory activity was detected by a microtiter plate assay based on Ellman's method [6, 23, 24] by using acetylthiocholine as substrate. In 96-well plates, 25 μL of 15 mM ATCI (43 mg/10 mL Millipore water), 125 μL of 3 mM DTNB (11.9 mg/10 mL buffer B), 50 μL of buffer A, 25 μL of EOPS at concentration of 2 and 0.5 mg/mL (final concentration in the assay: 0.2, 0.05 mg/mL DMSO) were added and the absorbance was measured at 405 nm every 13 s for five times. After adding 25 μL of 0.22 U/mL enzyme (0.34 mg AChE dissolved in 100 mL buffer A), the absorbance was read again every 13 s for five times. The absorbance was measured using a Tecan GeniosPro micro plate reader. Percentage of inhibition was calculated by comparing the rates for the sample to the blank (DMSO), control contained all components except the tested EO. Galantamine was used as positive control. All treatments were performed in tetraplicate on each well, and was repeated twice (n= 2).
